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Abstract 
Elders mostly suffer from degeneration, which causes problems of their daily lives. Aging has become a big issue of scientific 
researches nowadays. Elders mostly live alone or alone with their spouse. Since they prefer cooking themselves to eating out, 
cooking still plays an important role of their lives. Associated with high temperature, cooking behaviours are known to be 
high-risk tasks in our houses. Heavy kitchenware may also enhance the risk of suffering from carpal tunnel syndromes. With the 
lost of muscle mass and the cognitive degeneration, it will be far more dangerous for elders work in the kitchen. Morphological 
functional innovation is a method combined with functional innovation and morphological chart. The process of this method is to 
analyse functions of current products, and then re-compose these functions by morphological chart after adding expected new 
functions. Solutions were filtered by the method Analysis of Interconnected Decision Areas (AIDA), and use Analytic Hierarchy 
Process (AHP) to chose the final solution. For the result, a glove, wristband and elbow band composes this wearing aid system. 
In this wearing aid system, we reformed the glove by adding ribbons, so as to imitate the muscle structure of our palm and 
forearm in an easy way. Our idea is to make a wearing system that has the same function with our hand muscles. Similar to the 
“exoskeleton” concept, our design is pretty much like an “exomuscle” system. In this research, we have also evaluated our 
wearing aid system. We determine the difference before and after wearing our system by collecting and analysing the EMG data. 
Experiments have shown that our exomuscle system does have some effects. The results show that the difference before and after 
wearing the exomuscle system is significant, and mutual effect happened. We have collected data from biceps, flexor digitorum 
superficialis (FDS) and flexor carpi radialis (FCR), and after wearing the aid system, the loading of FDS and Biceps reduces 
while the loading of FCR increases. The loading decrease of FDS tells us that the aid certainly helps grip power, and the loading 
increase of FCR reveals that it may cause more ulnar deviation. 
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1. Introduction 
1.1. Background 
With the development with medicine, hygiene condition and economy, along with mortality rate decreasing, the 
population of the elder over 65 had reached the aging society set by World Health Organization (WHO). Therefore, 
many problems showed up due to the rapid ageing. According to the report of Council for Economic Planning and 
Development (CEPD) (2013), the living status of the elder tends to “living alone” or “living only with spouse”. That 
is, the elders have to resolve the households on their own. Among all the living space, the kitchen is a place with 
high using rate and high accident rate. However, the physiological and psychological ability of human decrease with 
the increasing age[1]. Especially the physiological degeneration will cause the danger when using kitchenware. 
1.2. Motivation 
Many research showed that different kitchen tasks impact the body postures, especially the using of upper limbs. 
Due to the degeneration of the body function, such as osteopenia and muscle atrophy, the limbs of the elder work 
less agile than young people. The mass, strength, endurance, agility and coordination of hand muscles also 
decreased[2]. Ibrahim and Davies[3] claimed that cooking behavior required massive body strength. Some common 
problem like bending, lifting, carrying, placing and opening package will make the elder uncomfortable. Holt and 
Holt[4] also showed that the degeneration of upper-limb function would obstruct the elder in moving utensil, turning 
handle and subtle movements. Besides, force for a long period or move too heavy objects will easily lead their body 
out of sorts[5]. In sum, moving the heavy utensils is the largest burdens of all tasks. In the result of our expert 
interview, this task usually causes tendinitis on users’ hands. Hence, it is important in our study to reduce burdens of 
the elder when carrying utensils by wearing aids, and avoid the injury from these burdens. 
1.3. Purpose 
In order to design an aid with assistant functions effectively, this study is aimed at analyzing hand supports and 
mechanical hands, using biomechanics of human body to imitate the cooking actions, and take these as basis for 
design and evaluation. With the above-mentioned mechanism to assist handling actions to reduce workload. We also 
consider some ergonomics issue, including hand size, motion analysis, subjective evaluation and performance. The 
main functions of this aid listed as below:  
x Utilizing exoskeleton to scatter forcing place; 
x Using simple mechanism to help the elder handling; 
x Shaping the aid conform to any handle size and increase stability; 
x Making users operating intuitively and avoiding error rate; 
x Reducing burdens and operating rate to decrease the workload of cooking on body; 
x Making it easy to wear and take off. 
2. Method 
2.1. Observation 
Before we design the hand wearing aid, we observe and make sure what postures and problems are when the 
elder using these kitchenware. At this stage, the behaviors and motions of elder people cooking activities will be 
focused. After the observation, we listed some possible posture that can be applied while cooking. Fig. 1 shows the 
possible postures. Based on these postures, a serial of design development process will be practiced to make the 
final design. 
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Fig. 1. Possible postures of cooking activities 
2.2. Design development 
2.2.1. Design principle 
The research claimed that working when wrist bending for a long while cause inflammation or chronic disease, 
even or the permanent illness[6]. Therefore, it is important to make hands in correct postures. When wrist stays in 
central, the performance of grip force can get the best efficiency[7]. So the most thing of design is to make wrist 
stay in central to reduce pressure and increase efficiency. Sometimes changing the shape or the thickness of handle 
is another way to reduce pressure[8]. Also, if the shape is corresponding to users’ hand, the objective comfort 
satisfaction will higher than simple oval shape[9]. Although the shape of handle isn’t the goal of this study, it still 
gives us some hints when designing aids. So we concluded some principles below: 
Table 1. Design principles concluded 
Guideline Description 
Change the way of muscle works  Transform the working muscles by designing different forms.  
Adding pivots  Adding pivots can make force dispersion, and we may save power according to 
the lever rule.  
Adding pulling power  To simulate to function of muscles.  
Fix angles  To fix the angle of the joints that are overused, and force them to take rests.  
Change the working mode  Change or create new working modes to reduce the threats.  
 
2.2.2. Morphological Function Innovation 
After sorting out the principle of design, in order to come up a creative design, we combined the functional 
innovation and morphological chart as our methodology – morphological functional innovation. The process of this 
method is to analyze functions of current products, add expected new functions, and then re-compose these 
functions by morphological chart. We separated the idea development into 4 parts: fingers, wrist, elbow and wearing 
objects. Based on the postures shown in fig. 1, solutions are developed 4 parts for each posture.  
2.2.3. The Analysis of Interconnected Decision Areas (AIDA) 
There are fingers, wrist, elbow and wearing object, 4 categories of design units. A great amount of ideas came out 
after we finished the morphological functional innovation. That is why we need to go through this process; to filter 
the impossible combinations. We put all of design units from morphological chart into a form (Fig. 2). If one design 
unit has a conflict to another unit, we will mark it in the form. After marking the conflict we need to gather those 
units without conflict in its categories as combination 
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Fig. 2. Marking out the conflict design units by AIDA. 
2.2.4. The Analytic Hierarchy Process (AHP) 
After the AIDA process, there are a great amount of combinations that can be our solutions. Thus, the AHP 
process is applied here to choose the best design, which is going to be our final solution. The selection criterion and 
weight showed in Table 2. We ranked the combination of each category by scoring the combination and composed 
the best combination as our final design. Table 3 is the ranking of combination in 4 categories. 
Table 2. Selection criterion and weight 
Category  Criterion Weight 
Security  Can wrist stay in neutral posture?  0.299 
Does it limit the moving range?  0.071 
Does it have the sharp edge? 0.017 
Comfort  How is its air permeability?  0.032 
Can it distribute the force?  0.149 
Convenience  Is it easy to wear?  0.071 
How is its waterproofing?  0.032 
Compatibility  Is it easy to assort with different utensil angle?  0.149 
Is it easy to assort with different posture?  0.149 
Is it easy to assort with different hand size?  0.032 
Table 3. The ranking of combination.  
Finger  Wrist  Elbow  Wearing Object  
Combination  Score  Combination  Score  Combination  Score  Combination  Score  
e3 e6  2.325  b5 f8 j6  2.76  c3 g6 k9  2.34  d9 h8  2.9  
a3 e3  2.035  b4 f8 j6  2.72  c2 g6 k9  2.3  d9 h1  2.68  
i1 i3 i4 i5  1.115  b5 f8 j1  2.72  c3 g3 k9  2.29  d9 h2  2.68  
i2 i3  1.035  b5 f8 j3  2.72  c3 g4 k9  2.29  d4 d9  2.45  
  b4 f8 j1  2.68  c2 g3 k9  2.24  d3 d9 h1  2.3  
  b4 f8 j3  2.68  c2 g4 k9  2.24  d3 d9 h2  2.3  
  b5 f7 j6  2.59  c6 g6 k9  2.22  d2 d3 d9 h1  2.18  
  b4 f7 j6  2.56  c3 g6 k4  2.21  d2 d3 d9 h2  2.18  
  b5 f7 j1  2.55  c3 g6 k2  2.2    
2.2.5. Final solution 
Fig. 3. (a) is the working model of our final solution. The wearing system is combined with a glove, a wristband 
and an elbow band. There are several lines link the three parts together, which imitate the function of muscle. Due to 
the lines are not flexible and fixed on all ends, the length cannot be changed. But when we bend our arms, the path 
from elbow to finger changes. This will cause the lines help our fingers bend themselves so that we do not have to 
put that much effort when holding something. Fig. 3. (b) shows how the system works. 
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Fig. 3. (a) “exomuscle” working model; (b) How the model works. 
2.3. Evaluation design 
2.3.1. Participants 
In the observation, the most elders still cooking are women. However, we firstly recruited 5 young women as our 
participants to evaluate our final design to check whether our model effects or not. Participants are all right-handed 
women, averaging 23.8 years old, and they all have cooking experience. 
2.3.2. Experimental materials 
In this research we choose wok-moving activity as our motion to evaluate. Among all the kitchenware that has to 
be moved when using, wok comes to be one of the heaviest. Also, it is commonly used while cooking traditional 
Chinese dishes. All the facts mentioned above make it reasonable to choose such task to evaluate. The general size 
of wok is 36cm in diameter and 1.7 kg (Fig. 4. (a)). We set a platform as countertop to simulate the kitchen 
environment. According to Peet & Sater[10] and The Small Homes Council in University of Illinois, the distance 
from sink to stove is 120cm to 180 cm, which has the highest walking frequency. After measuring the kitchens in 
Taiwan, we choose 140cm as the distance in our experiment. And the height of countertop is measured as 85cm. The 
simulated kitchen environment is shown in Fig. 4. (b). 
2.3.3. Experiment process 
In order to test whether the design really helps users, we conducted the experiment twice: one for experimental 
group and one for control group. Participants were asked to move the wok repeatedly between point A and point B 
(shown in Fig. 4. (b)) for 5 seconds. All the participants have to do it twice; to move with and without the wearing 
the system. Both in control group and experimental group the participants will be stuck on three nodes on their 
flexor digitorum superficialis (FDS) muscle, flexor carpi radialis (FCR) muscle and Biceps[11] before they start the 
experiment in order to test the performance of their muscles by electromyogram (EMG). Fig. 4. (c) is the position of 
EMG stickers.  
 
 
Fig. 4. (a) The stove used in the experiment; (b) Simulated kitchen environment; (c) Muscles measured 
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All the experiments were conducted in the laboratory of motion analysis in Institute of Biomedical Engineering 
in National Cheng Kung University. The machine used to measure the performance of muscle is EMG system 
MA-300. And we used Matlab 2012 as analysis algorithm to interpret the data from EMG system. The algorithm of 
Matlab will remove the drift, do the filtering and rectification, and then get the final result. Each measuring period 
was 4.1 second in this experiment. Before each measurement we used the alcohol swabs to clean the skin of 
participants to reduce the deviation of data. The EMG stickers were fixed on participants’ arms by breathable tape. 
Participants were asked to relax and we start experiment after making sure the figure of EMG without noise. 
3. Result 
3.1. EMG data 
We filtered the data collected and get the fatigue value by Matlab 2012. Table 2 showed the EMG original data of 
the experiment. 
Table 2. Initial data of EMG testing 
 Flexor Digitorum Superficialis Muscle (FDS) Flexor Carpi Radialis Muscle 
(FCR) 
Biceps 
 Before After Before After Before After 
1 371931.467 242874.926 88580.875 617972.742 260242.307 124772.127 
2 149790.67 270353.515 105204.535 178645.149 235494.954 99287.217 
3 448672.384 257791.728 178201.872 382497.093 199791.556 179889.646 
4 734274.951 472931.949 170988.055 665047.529 378176.16 152391.059 
5 225231.54 188421.695 108380.579 273366.757 158286.247 117188.839 
 
From the data, we can directly see that the differences of muscle loading before and after wearing the aid do exist. 
Briefly, the loading of FDS and Biceps reduces while the loading of FCR increases. 
3.2. Statistical analysis 
We put the data into SPSS, to see whether the data before and after wearing the aid is different significantly or 
not. Table 3 is the result of multivariate analysis. The differences among the muscles we measured are significant. 
The difference between wearing and not wearing the aid is not significant, but when we put them together, the 
difference become significant. This shows that muscle loading and the aid have a mutual effect. 
Table 3. ANOVA analysis 
Source  Type III Sum of Squares  df  Mean Square  F  Sig.  
Muscle  Sphericity Assumed  
Greenhouse-Geisser  
Huynh-Feldt  
Lower-bound 
1.073E+ 11  
1.073E+ 11  
1.073E+ 11  
1.073E+ 11  
2  
1.552  
2.000  
1.000  
5.336E+ 10  
6.915E+ 10  
5.336E+ 10  
1.073E+ 11  
5.986  
5.986  
5.986  
5.986  
.026  
.040  
.026  
.071  
Error 
(Muscle)  
Sphericity Assumed  
Greenhouse-Geisser  
Huynh-Feldt  
Lower-bound 
7.171E+ 10  
7.171E+ 10  
7.171E+ 10  
7.171E+ 10  
8  
6.208  
8.000  
4.000  
8.964E+ 9  
1.155E+ 10  
8.964E+ 9  
1.793E+ 10  
  
Wrist  Sphericity Assumed  
Greenhouse-Geisser  
Huynh-Feldt  
Lower-bound 
5.608E+ 9  
5.608E+ 9  
5.608E+ 9  
5.608E+ 9  
1  
1.000  
1.000  
1.000  
5.608E+ 9  
5.608E+ 9  
5.608E+ 9  
5.608E+ 9  
2.833  
2.833  
2.833  
2.833  
.168  
.168  
.168  
.168  
Error 
(Wrist)  
Sphericity Assumed  
Greenhouse-Geisser  
Huynh-Feldt  
Lower-bound  
7.919E+ 9  
7.919E+ 9  
7.919E+ 9  
7.919E+ 9  
4  
4.000  
4.000  
4.000  
1.980E+ 9  
1.980E+ 9  
1.980E+ 9  
1.980E+ 9  
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Source  Type III Sum of Squares  df  Mean Square  F  Sig.  
Muscle 
* Wrist  
Sphericity Assumed  
Greenhouse-Geisser  
Huynh-Feldt  
Lower-bound  
2.653E+ 11  
2.653E+ 11  
2.653E+ 11  
2.653E+ 11  
2  
1.312  
1.695  
1.000  
1.326E+ 11  
2.023E+ 11  
1.565E+ 11  
2.653E+ 11  
7.911  
7.911  
7.911  
7.911  
.013  
.032  
.019  
.048  
Error 
(Muscle 
* Wrist)  
Sphericity Assumed  
Greenhouse-Geisser  
Huynh-Feldt  
Lower-bound 
1.341E+ 11  
1.341E+ 11  
1.341E+ 11  
1.341E+ 11  
8  
5.246  
6.782  
4.000  
1.677E+ 10  
2.557E+ 10  
1.978E+ 10  
3.354E+ 10  
  
 
Since the difference among the three muscles we measured are significant, we should make a discussion on the 
descriptive data of muscles. According to table 4, we can see that the loading of FDS is the most, but the standard 
deviation is also the most. It shows that the loading of FDS differs among participants the most. 
Table 4. Descriptive data among the muscles measured. 
Muscle Mean Std. Deviation 95% Confidence Interval for Mean 
Lower Bound Upper Bound 
FDS 336227.482 72549.869 134796.754 537658.211 
FCU 276888.519 50684.499 136165.789 417611.249 
Bicep 190552.011 21112.718 131933.709 249170.313 
 
Fig. 5. shows the loading situation comparison before and after wearing the aid. We can see that the loading of 
FDS and Biceps decreases after wearing the aid, and conversely, the loading of FCR increases. 
Fig. 5. The loading situation before and after wearing the aid. 
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4. Discussion 
From the data, we can directly see that the differences of muscle loading before and after wearing the aid do 
exist. Briefly, the loading of FDS and Biceps reduces while the loading of FCR increases.  
The loading decrease of FDS tells us that the aid certainly helps grip power; the loading increase of FCR reveals 
that it may cause more ulnar deviation[12]; the loading decrease shows that the aid make it easier to lift the wok. 
The results above may because of participants’ body posture changed while making the movement with the aid, and 
it leads to the compensation action among muscles, thus changed the mode of muscle work.  
We fix the electrodes on participants’ body only by permeable plastic surgical adhesive tape, and the tape did not 
fix the electrodes very well. This would cause deviation while collecting data via EMG system.  
Due to all the experimental equipment is fixed in the laboratory, we can’t process our experiment in a real 
kitchen. To deal with it, we set tables to simulate the height and distance and to fit the real situation in the kitchen as 
much as we can. The difference from the real situation may result in experimental deviations.  
Because the aid design is totally a new type, we found that most of the participants do not fully understand how 
the aid works. In that case, we suggest that participants should repeat the movement for more times while collecting 
data from EMG, this will make the data more reliable. Participants may feel unfamiliar, needless to say that they can 
use it well at the first time. We suggest that participants should get the chance to understand how the new product 
works so that they can do better with it. This will also make the data collected more reliable. 
5. Conclusion 
According to the data collected from the five participants, the effects of the exomuscle system to the muscle 
loading difference do exist. The loading of FDS and Biceps reduces while the loading of FCR increases. With 
observation during the experiment, we found out that the body postures were different before and after wearing the 
aid. This tells that there are other muscles that should be concerned. 
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